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Description 

This invention relates to a matrix display apparatus 
for displaying video signals of two or more different 
standards which apparatus comprises a display panel s 
having an array of picture elements arranged in a set 
number of rows and columns and driving means for driv- 
ing the picture elements according to an applied video 
signal, the driving means comprising a column driver cir- 
cuit operable according to the line frequency of an ap- 
plied video signal for supplying data signals derived 
therefrom to the columns of picture elements, a row driv- 
er circuit for scanning the rows of picture elements in 
turn, and a control circuit which controls the timing of 
the operation of the row driver circuit and which is re- 
sponsive to an applied video signal to control the row 
scanning rate of the row driver circuit according to the 
standard of the video signal. The invention relates also 
to a method of operating such a display apparatus. The 
invention is concerned particularly, although not exclu- 
sively, with liquid crystal display apparatus for displaying 
TV pictures. 

Normally, a matrix liquid crystal display panel is de- 
signed for use with one video standard with the number 
of rows of picture elements being selected having re- 
gard to the number of display lines of the video standard. 
However this leads to problems if it is desired to use the 
display panel to display video signals of a different 
standard, as might be required, for example, for a port- 
able TV receiver. If an NTSC (525 line) video signal is 
displayed on a panel designed for PAL (625 line) video 
signals a reduced height picture having the wrong as- 
pect ratio is obtained. An external standards-converter 
could be employed to convert for example an NTSC sig- 
nal to the PAL standard but this involves complex signal 
processing techniques and is very expensive in terms 
of the required circuitry. 

There is described in US Patent Specification 
5,003,388 a scheme for enabling, for example, a PAL 
standard video signal to be displayed on a display panel 
designed for an NTSC standard video signal. In this 
scheme, converter means are employed which change 
the number of display lines of the video signal that are 
actually displayed by discarding selected display lines, 
in this case every sixth line of the PAL standard signal, 
thereby enabling a picture according to the PAL stand- 
ard to be displayed on the display panel. In the appara- 
tus described, a row and column array of picture ele- 
ments, for example liquid crystal elements, is driven by 
a data driver circuit which supplies data signals derived 
from a video signal to the columns of picture elements 
and a scan driver circuit connected to the rows of picture 
elements which scans each row in turn. The operations 
of the data and scan driver circuits are controlled and 
synchronised by a control circuit using synchronising 
signals derived from the video signal. The control circuit 
operates the scan driver circuit at a rate corresponding 
to the line frequency of the video signal. When, for ex- 



ample, a PAL signal is to be displayed, the scan and 
data driver circuits are controlled so as to ignore select- 
ed, regularly spaced, lines in the video signal, and the 
sampled data signals pertaining thereto. In this way the 
PAL standard picture can be made to fit the picture ele- 
ment array. However, as described in this specification, 
unless certain measures are taken unwanted display ar- 
tefacts can be produced using this approach. Even if the 
described measures are taken, which involve changing 
the position of the deleted lines from field to field, it is 
likely that display disturbances such as flickering lines 
will be observed when displaying certain kinds of pic- 
tures. 

To display an NTSC video signal on a display panel 
designed for PAL video signals an opposite approach 
may be possible whereby certain lines in the NTSC sig- 
nal may be repeated so that in places several rows of 
picture elements are driven with the same picture infor- 
mation. In this way the picture is effectively expanded 
in the vertical direction to fill the available display area. 
Again however, this technique may lead to perceivable 
display artifacts affecting the quality of the displayed pic- 
ture. When lines in the picture have to be repeated there 
is then less time available to address the rows of the 
display panel and this can result in differences in the 
picture element voltages for repeated and non-repeated 
lines. 

It is an object of the present invention to provide a 
matrix display apparatus capable of multi-standard vid- 
eo operation which is simple and inexpensive to manu- 
facture. 

It is another object of the present invention to pro- 
vide a matrix display apparatus capable of displaying 
multi-standard video signals which at least to some ex- 
tent avoids the aforementioned problems. 

According to one aspect of the present invention 
there is provided a matrix display apparatus of the kind 
described in the opening paragraph which is character- 
ised in that the control circuit is arranged to generate for 
each applied video signal a timing signal which operates 
the row driver circuit at a row scanning rate that is sub- 
stantially equal to the number of rows of picture ele- 
ments in the display panel divided by the active field pe- 
riod of the applied video signal. 

The row driver circuit of the apparatus is thus oper- 
ated on a different basis to those of conventional matrix 
display apparatus and the display apparatus described 
in US Patent Specification 5,003,388. In conventional 
display apparatus each line of the video signal is used 
to address either one or two rows of picture elements of 
the display panel. In both cases there is a direct rela- 
tionship between the timing of the operations of the row 
and column driver circuits. The row and column driver 
circuits are operated in synchronism with the period of 
each operation of the two circuits being dictated by the 
video line frequency. The apparatus of US 5,003,388 
operates in similar fashion. In the display apparatus of 
the present invention the row and column driver circuits 
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are operated in an asynchronous manner. The timing of 
the row driver circuit is not directly linked with the timing 
of the column driver circuit according to the line frequen- 
cy of the video signal but instead is dependent on the 
number of rows of picture elements in the display. Scan- s 
ning the rows at a rate substantially equal to the number 
of rows divided by the active field period of an applied 
video signal ensures that all the rows of picture elements 
are addressed within the field period of the video signal. 
Consequently, the video picture fills the available dis- 10 
play area, as defined by the row and column array of 
picture elements, even if the video standard is changed 
and without the need to utilise additional conversion cir- 
cuitry to delete or repeat selected lines in the video sig- 
nal. Importantly, the picture information in the video sig- 15 
nal is distributed uniformly over the rows of picture ele- 
ments. The charging behaviour for example of the pic- 
ture elements, such as liquid crystal picture elements, 
means that an averaging effect is produced and discon- 
tinuities moving vertically within the displayed picture 20 
are avoided. Disturbing artifacts in the displayed picture 
due to, for example, expansion of the picture are less 
likely to be visible. 

The row driver circuit can be of a conventional form, 
comprising a digital shift register circuit for example. The 25 
timing of its operation, and hence the row scanning rate, 
is appropriately controlled by the timing signals gener- 
ated in the control circuit on the basis of the number of 
rows of picture elements and the field period of the ap- 
plied video signal. As such, the necessary drive means 30 
is simple and inexpensive to manufacture. 

For simplicity, known types of column driver circuits 
employed in conventional display apparatus may be re- 
tained. Thus, in one embodiment, the column driver cir- 
cuit may consist of a plurality of stages comprising sam- 35 
pie and hold circuits for sampling lines of an applied vid- 
eo signal, with the output of each stage being connected 
to a respective column of picture elements and with the 
stages being operable to sample video lines at a rate 
corresponding to the line frequency of the video signal. 40 
In this case, then for a situation in which the number of 
rows of picture elements is greater than the number of 
lines in the video signal, for example where an NTSC 
video signal is displayed on a panel designed for PAL 
video signals, the operation of the column and row driver 45 
circuits is such that the row addressing period becomes 
shorter than the video line period with the result that 
some rows receive the same picture information, while 
for other rows the data signals applied to the columns 
may change while the row of picture elements is being so 
addressed, whereby the picture elements produce 
some average of the two lines of the video signal. 

Each stage ol the column driver circuit may com- 
prise at least two sample and hold circuits whose out- 
puts are alternately switched by switch means operable 55 
by the control circuit at a rate corresponding to the video 
line frequency. The operation of the column driver circuit 
may follow that of known column driver circuits in which 



each stage comprises a pair of sample and hold circuits 
controlled via a shift register circuit. While one sample 
and hold circuit is sampling the applied video line wave- 
form, the contents of the other is supplied to an associ- 
ated column conductor, via a buffer amplifier, and trans- 
ferred to a picture element in the selected row At the 
end of each video line the sample and hold circuits are 
switched whereby the contents of the one circuit is sup- 
plied to the column conductor while the other performs 
the sampling function. 

In other embodiments of the display apparatus, a 
modified column driver circuit may be used to provide 
improved performance. In one version of a modified col- 
umn driver circuit, the stages may include signal 
smoothing circuits, for example low pass filters or linear 
interpolation circuits, connected between the sample 
and hold circuits and the outputs so that successive 
sampled signals, and transitions therebetween, are 
smoothed. In another version of modified column driver 
circuit, each stage may include a further sample and 
hold circuit between the signal smoothing circuit and the 
output of the stage, which further sample and hold circuit 
is arranged to be operated by the control circuit at the 
row scan rate. The further sample and hold circuit per- 
forms a re-sampling function so that the level of the data 
signal applied to a column of picture elements is held 
constant while each row of picture elements is ad- 
dressed. 

According to another aspect of the present inven- 
tion, there is provided a method of operating a matrix 
display for displaying applied video signals of two or 
more different standards and comprising a display panel 
having an array of picture elements arranged in a set 
number of rows and columns and driving means for driv- 
ing the picture elements according to an applied video 
signal and comprising a column driver circuit for supply- 
ing data signals derived from an applied video signal to 
the columns of picture elements and a row driver circuit 
for scanning the rows of picture elements in turn at rates 
which differ according to the standard of the applied vid- 
eo signal, characterised in that for each of the applied 
video signals the operation of the row driver circuit is 
controlled according to the applied video signal so as to 
scan the rows of picture elements at a rate which is sub- 
stantially equal to the number of rows of picture ele- 
ments in the panel divided by the active field period of 
the applied video signal. 

The invention is particularly applicable to liquid 
crystal matrix display apparatus, although it is envis- 
aged it could be used to advantage in other forms of 
matrix display apparatus comprising matrix arrays of 
picture elements, for example electrochromic or electro- 
phoretic elements, and intended for display video sig- 
nals. 

Matrix display apparatus, and their methods of op- 
eration, in accordance with the present invention will 
now be described, by way of example, with reference to 
the accompanying drawings in which:- 
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Figure 1 is a schematic circuit diagram of an em- 
bodiment of matrix display apparatus according to 
the invention; 

Figure 2 is a timing diagram for illustrating the rela- 
tive timings of row and column driving operations in 5 
the display apparatus; 

Figures 3a to 3c are simplified schematic circuit di- 
agrams of a part of an individual stage in alternative 
forms of column driver circuits used in the appara- 
tus; 

Figures 4a to 4c illustrate typical data signal voltage 
waveforms produced by each of the circuits of Fig- 
ures 3a to 3c respectively; 
Figure 5 illustrates schematically a typical stage of 
another form of column driver circuit for use in a 
monochrome version of the display apparatus; 
Figure 6 depicts the lay-out of picture elements and 
colour filters in a colour version of the display appa- 
ratus; and 

Figures 7a and 7b illustrate schematically a typical 
stage of two further forms of column driver circuits 
for use in the colour version of the display appara- 
tus. 

It should be understood that the Figures are merely 
schematic and are not drawn to scale. It should also be 
understood that the same reference numerals are used 
throughout the Figures to indicate the same or similar 
paits. 

Figure 1 shows in highly simplified block form the 
circuit configuration of a liquid crystal matrix display ap- 
paratus for displaying video, e.g. TV, pictures, of differ- 
ent standards. Referring to Figure 1 , the display appa- 
ratus comprises an active matrix addressed liquid crys- 
tal display panel 10 having a row and column array of 
picture elements which consists of rn rows (1 to m) with 
n horizontally arranged picture elements 12 (1 to n) in 
each row. Only a few of the picture elements are shown 
for simplicity. In practice, the total number of picture el- 
ements in the matrix array may be several hundreds of 
thousands. Each picture element 12 includes a respec- 
tive switching device, in this example in the form of a 
thin film transistor, TFT 11, and an LC element 18 and 
is located adjacent a respective intersection of sets of 
row and column address conductors 14 and 16. The 
gate terminals of all TFTs 11 associated with picture el- 
ements in the same row are connected to a common 
row conductor 14 to which, gating signals are supplied. 
Likewise, the source terminals of the TFTs of all picture 
elements in the same column are connected to a com- 
mon column conductor 16 to which data (video informa- 
tion) signals are applied. The display panel is illuminated 
by a light source disposed on one side and light entering 
the panel is duly modulated according to the transmis- 
sion characteristics of the LC elements 18 as deter- 
mined by the data signals applied thereto. 

Liquid crystal matrix display apparatus intended for 
displaying video pictures are well known and as such it 



is considered unnecessary to provide here a full and de- 
tailed description of the general aspects of the appara- 
tus. For further information reference is invited (or ex- 
ample to GB-A-21 62984, GB-A-21 34300, and also the 
aforementioned US Patent Specification No. 5003388. 

The display panel 1 0 is driven by row and column 
driver circuits 20 and 22 connected to the sets of row 
and column address conductors 14 and 16 respectively. 
The row and column driver circuits 20 and 22 in this em- 
bodiment are of conventional type and as such will not 
be described here in detail. Briefly, the row driver circuit 
20 comprises a digital shift register whose operation is 
controlled by regular clocking pulses and control signals 
from a control circuit 21 to which synchronisation signals 
derived from a video signal applied to an input 25 are 
supplied from a synchronisation separator 26, and is op- 
erable by the control circuit to scan the row conductors 
14 successively with gating signals. In the intervals be- 
tween gating signals the row conductors are supplied 
with a substantially constant reference potential. Video 
data signals are supplied to the column conductors 16 
from the column driver circuit 22 which comprises a shift 
register circuit 30 and a sample and hold circuit 31 . The 
circuit 22 is supplied with a video information signal from 
a video processing circuit 27 and derived from the video 
signal applied to the input 25. The synchronisation sig- 
nals obtained in the synchronisation separator 26 from 
the timing information of the input video signal are used 
by the control circuit 21 to produce timing signals for 
controlling the column driver circuit. The column driver 
circuit 22 performs serial to parallel conversion of the 
video information signal appropriate to the addressing 
of the panel 10. The panel 10 is driven on a row at a 
time basis by scanning the row conductors 14 sequen- 
tially with a gating (select) signal so as to turn on each 
row of TFTs in turn and applying data signals to the col- 
umn conductors. Using one row at a time addressing all 
TFTs 11 of the addressed row are switched on for a pe- 
riod determined by the duration of the gating signal dur- 
ing which video information signals present on the col- 
umn conductors 16 are transferred to the picture ele- 
ments 12. Upon termination of the gating signal, the 
TFTs 11 of the row are turned off thereby isolating the 
picture elements from the conductors 16. 

To avoid electrochemical degradation of the LC ma- 
terial, the polarity of the drive signals applied to the pic- 
ture elements 12 is periodically inverted in accordance 
with known practice although for simplicity the means 
by which this is achieved is not shown in Figure 1 . This 
polarity inversion can take place after every complete 
field of the display panel (field inversion) and optionally 
after every row address as well (line inversion). 

The display panel 10 in this embodiment is de- 
signed to display PAL standard video signals having 625 
lines (575 active lines) and the number of rows, m, of 
picture elements is chosen accordingly to match the 
number of active lines in the video signal. In the case of 
a half resolution display, the panel therefore has 288 
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rows of picture elements, and, for example, 468 col- 
umns. The panel 10 could instead be a full resolution 
display panel having 575 rows and, for example, 720 
columns. The display apparatus is intended also to dis- 
play video signals of other standards, for example an 5 
NTSC video signal having 525 lines (484 active lines) 
and to this end the operation of the row and column cir- 
cuits 20 and 22 in addressing the display panel 10 is 
different to that of conventional display apparatus in- 
tended to display just one video standard. In such con- 
ventional apparatus, the operations of the row and col- 
umn driver circuits are synchronised and are controlled 
in accordance with the video line frequency of the ap- 
plied signal. Each line in the video signal is used to ad- 
dress one row of picture elements, (or in the case of a 
full resolution display two rows where the so-called line 
pairing drive scheme is employed) and there is a direct 
link between the timings of the operations of the row and 
column driver circuits, with the period of each operation 
being determined by the video line frequency. Thus op- 
eration of the shift register 30 is initiated by a regular 
clock signal corresponding to the video line frequency 
and the row driver circuit is clocked by a regular clock 
signal whose frequency similarly corresponds to the vid- 
eo line frequency (i.e. the horizontal synchronising sig- 
nal frequency) so that the rows are scanned at a rate 
corresponding to the video line rate. In the display ap- 
paratus of Figure 1 , however, the timing of the operation 
of the row driver circuit 20 is determined instead accord- 
ing to both the number of rows of picture elements and 
the field period of the applied video signal. The operation 
of the row driver circuit 20 in this respect is controlled 
by the control circuit 21 which provides a start signal ST 
derived from the vertical synchronisation signal of the 
applied video signal and a regular clock signal CLK 
which is a function of the field period of the video signal 
and the number of rows, m, in the display panel. More 
particularly, the clock signal CLK generated in the circuit 
21 has a frequency substantially equal to m divided by 
the active field period of the video signal. The clock sig- 
nal frequency, and hence rate at which the row driver 
input 20 scans the rows, is thus determined by the circuit 
21 in accordance with the video signal field period and 
number of rows and such that all the rows in the display 
panel are addressed within one field period of the video 
signal with an equal addressing period for all rows. With 
the column driver circuit 22 being controlled in conven- 
tional manner, it will be appreciated then that the row 
and column driver circuits operate asynchronously. 

When displaying PAL standard video signals the ef- 
fect of such operation of the row driver circuit 20 is that 
the display panel 10 is addressed in substantially the 
same way as in a conventional, single standard, display 
apparatus whose row and column driver circuits both 
operate at the video signal line rate. Thus, a gating sig- 
nal is applied to each row address conductor 14 in turn 
successively at a constant rate corresponding to the vid- 
eo signal line rate. The duration of the gating signals is 



approximately equal to a video signal line period, Tl, or 
less. In the case of a half resolution PAL standard video 
signal having a line period of 64 microseconds, each row 
conductor is supplied with a gating signal at intervals of 
20 milliseconds. 

When a different standard of video signal is applied, 
for example an NTSC video signal (525 lines), the timing 
and control circuit 21 responds to the different video sig- 
nal field period, as determined by the field synchronising 
signal, to alter the frequency of the clock signal CLK ap- 
plied to the circuit 20 for controlling the row scan rate 
with the new clock signal frequency again being deter- 
mined by the field period and the number of rows and 
substantially equal to the number of rows divided by the 
active field period so as to ensure that all the rows of 
picture elements are scanned within the active field pe- 
riod of this video signal. Consequently, the video picture 
fills the available display area even though a different 
video signal standard is used. 

Although the above embodiment has been de- 
scribed as having a display panel designed for one video 
signal standard (PAL) and operable to display one or 
more other video signal standards having fewer lines, 
the reverse situation is also possible. Thus the display 
panel may be designed for a video signal standard such 
as NTSC and the apparatus operable to display one or 
more other video signal standards, such as PAL, having 
a greater number of lines. 

The performance of the display apparatus is illus- 
trated in Figure 2 which is a timing diagram depicting 
the relative timings for various operations for the case 
in which the panel 10 has 288 rows of picture elements 
providing a half resolution display. Figure 2a represents 
the video signal line periods, several successive lines 
being indicated at m, m+1, m+2, etc., and an individual 
line period being indicated at T1 . These periods corre- 
spond to the periods during which the column driver cir- 
cuit 22 samples the applied video signal. Figure 2b rep- 
resents the periods during which the sampled voltages 
from line x are applied to the column conductors 1 6, this 
transfer involving samples from the preceding video line 
while the current line is being sampled. In a conventional 
single standard, half resolution display in which each 
video signal line is used to address one row of picture 
elements the timing of the operations of the row and col- 
umn driver circuits is determined by the video line (hor- 
izontal synchronising signal) frequency. This is illustrat- 
ed in Figure 2c which represents the periods during 
which individual rows of picture elements, here desig- 
nated N, N+1 , etc., are selected, by the application of a 
gating signal from the row driver circuit 20, to transfer 
the video information to the picture elements in that row. 
The row address periods, one of which is indicated at 
Tr1, correspond with the video line periods T1. When 
the display apparatus of Figure 1 is operated with a PAL 
video signal having 288 active tines per field, for which 
the display panel 10 is designed, the row driver circuit 
20 operates with substantially identical effect as in this 
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conventional apparatus, with the row address periods, 
Tr1, substantially corresponding to the video line peri- 
ods Tl. 

When the display apparatus is operated to display 
an NTSC standard video signal (242 active lines per 
field) and with the row scanning frequency being set by 
the circuit 21 as previously described so that all the rows 
in the display panel are addressed within one field peri- 
od, there is no longer a 1:1 relationship between the in- 
formation in the lines of the video signal and that shown 
on the display panel as the numbers of rows of picture 
elements is greater than the number of lines in the video 
signal. Figure 2d shows the addressing periods for the 
rows of the display panel, designated k, k+1 , k+2, etc., 
in this situation. As there are more rows than video lines, 
the row addressing period, Tr2, is shorter than the video 
line period with the result that some rows in the display 
panel receive picture information from one video line, 
for example rows k and k+5, while for other rows the 
picture information applied to the column conductors 16 
changes while the row is being addressed, for example 
rows k+1 , k+2, k+3 and k+4. Where this occurs, and de- 
pending on the dynamic behaviour of the picture ele- 
ments, the information that appears on the rows will be 
some average of the two lines of the video signal. The 
overall effect is that the picture will fill the available dis- 
play area of the panel. Lines of information are averaged 
as determined by the detailed timing so that each row 
in the display panel is addressed with the appropriate 
information. 

With the display apparatus operating in this manner 
the picture information is uniformly distributed over the 
available rows of picture elements in the panel. Each 
row is addressed in turn at a constant rate in each field 
period and the scanning does not alter from field to field 
of the applied video signal. Consequently, the displayed 
picture will be more uniform and less likely to have dis- 
play artefacts than with known multi-standard drive 
schemes involving line repetition or line deletion. 

The display apparatus can readily be implemented 
using known types of column and row driver circuits. 
However, in some circumstances the apparatus may not 
provide a sufficiently acceptable reproduction of all 
kinds of picture material. Figure 3a shows in simple 
schematic form the circuit for one output stage of a con- 
ventional type of column driver, while Figure 3b and 3c 
illustrate the circuits of individual stages in two modified 
forms of column driver circuits. For simplicity, all three 
circuits are for the case in which the display apparatus 
is driven using a field inversion drive scheme. The circuit 
of Figure 3a consists of two sample and hold sections 
SH1 and SH2 which sample the video waveforms ap- 
plied to line 34 under the control of the outputs of the 
shift register 30 and a control signal C1 supplied by the 
control circuit 21 and determined by the video signal line 
frequency. For clarity the shift register control circuitry 
has been omitted in this and the following Figures. While 
the first section SK1 samples the video information 



waveform the output of the second, SH2, is connected 
to the associated column conductor 16 of the display 
panel via a buffer amplifier 35. At the end of each video 
line period the output switch 36 is toggled by C1 so that 

5 the two sample/hold sections swap functions whereby 
SH2 samples the video signal and SH1 provides the out- 
put, data signal, voltage. The output waveform Vc pro- 
duced by this circuit and applied to the column conduc- 
tor 1 6 steps from one sampled voltage to the next at the 

io video line rate as shown in Figure 4a. 

In the simple addressing scheme described above, 
the dynamic behaviour of the picture elements provide 
some filtering of the transitions in the column voltage 
when NTSC signals are displayed for which the row ad- 

*s dress periods Tr 2 and the video line periods Tl do not 
correspond. This can be done in a more controlled way 
in the column driver circuit 22 rather than the picture el- 
ements 12 by introducing a signal smoothing circuit 
comprising a low pass filter (LPF) into the column driver 

so stage as shown in Figure 3b. This filter may be imple- 
mented using a resistor-capacitor combination or by us- 
ing switched capacitor techniques. An example of the 
Vc signal waveform then appearing at the output of the 
filter is illustrated in Figure 4b. As a further refinement, 

25 this waveform can be re-sampled by a further sample 
and hold section indicated at SH3 which is operated at 
the row scanning rate so that the column output voltage 
is held constant while each row in the display panel is 
addressed. The effect of this circuit is to filter and then 

30 re-sample the vertical information in the picture, effec- 
tively approximating the picture information correspond- 
ing to the positions of the rows in the display panel where 
this does not match the lines in the video signal. 

A second way of estimating the picture information 

35 between the known, sampled, values is to perform a lin- 
ear interpolation. A circuit for this is illustrated in Figure 
3c. The circuit block INT together with a sample and hold 
circuit SH3 operated at the video line rate by the circuit 
21 takes as its inputs the values of samples from two 

40 successive lines of the video signal and produces an 
output voltage which changes linearly between the two 
sampled values over the line period of the video signal. 
The resulting waveform, which is illustrated in Figure 4c, 
can then be re-sampled by sample and hold circuit SH4, 

45 operating at row scanning rate as in the previous case, 
to provide the column conductor drive voltage waveform 
for the display panel. 

Monochrome display apparatus, including those 
used in a three channel colour projection system, can 

50 be driven by known column driver circuits using the ba- 
sic scheme. Figure 5 illustrates schematically one stage 
of such a circuit associated with a respective column 
conductor. The circuit consists of two pairs of sample 
and hold circuits, SH1 , SH2 and SH3. SK4. These take 

55 samples from two separate video input signals, datal 
and data2. Two control signals are also provided which 
control which of the circuits are sampling at any mo- 
ment, either SH1 and SH3, or SH2 and SK4, and also 
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which sample circuit is connected to the output buffer 
35. To drive a monochrome display in line inversion a 
video signal of one polarity is fed into data! and the op- 
posite polarity to data2. The switches 36 are toggled by 
the control signal C1 at the video line rate so that each 
line is sampled in turn. Th switch 37 is toggled by control 
signal 02 supplied by the control circuit 21 at the row 
scanning frequency so that the polarity of the column 
drive signal Vc is inverted after each row in the display 
panel is addressed. Signal smoothing circuits as de- 
scribed above can be included between the switches 36 
and 37. 

In the case of a colour display apparatus having a 
mosaic colour filter, the column driver circuit is compli- 
cated by the need to switch the colour information ap- 
plied to the column conductors of the display panel as 
each row is addressed. Figure 6 shows a typical, stag- 
gered, arrangement of the colour filters. The R, G and 
B (red, green and blue) filter elements each correspond 
with a respective picture element. The dashed lines in- 
dicate how the column conductors 1 0 of the display pan- 
el are connected to their associated column of picture 
elements. For line inversion drive the display panel is 
driven with a column voltage which is inverted in polarity 
after each row is addressed. In addition the colour infor- 
mation is alternated between two of the three colour sig- 
nals for successive rows. For example, considering the 
column on the left of Figure 6 the colour signal is alter- 
nated between red and blue. In any one column only 
two colour information signals are required. In the cho- 
sen example column these are the red signal and the 
inverted blue signal and these can be provided by the 
column drive circuit of Figure 5 by connecting the red 
signal to the datal input and inverted blue to data2. This 
column driver circuit can also be used if the connection 
of the picture elements to the column conductors is such 
that each column conductor is associated with picture 
elements of only one colour. 

When an alternative drive scheme of the kind in 
which the signal polarity is inverted after every second 
row is used, any single column conductor must be driven 
with four different signals. For example the column con- 
ductor on the left of Figure 6 must be driven with the 
normal red and blue signals and also with the inverted 
red and blow signals. For the proposed driving scheme, 
at any moment in time the column driver circuit must be 
able to provide any one of the four possible column sig- 
nals as required to address the rows. The column driver 
circuit in the previous section can only provide one of 
two possible output signals. For this drive method a 
more complex driver is required as shown schematically 
in Figure 7a or 7b. In these Figures the control signals 
C1, C2and C3 supplied by the circuit 21 are of frequen- 
cies corresponding respectively to video line rate, row 
scanning rate, and half row scanning rate. 

Although in the above described embodiments a liq- 
uid crystal display panel using TFTs as switching ele- 
ments for the picture elements is used, it will be appre- 



ciated that other forms of display panel may be em- 
ployed instead. Thus a liquid crystal display panel using 
two terminal non-linear devices such as MIMs or diodes 
as switching elements may be used, for example as de- 

s scribed in GB-A-2129183. Further, the display panel 
need not be of an active matrix type but could alterna- 
tively be of a passive type. 

From reading the present disclosure, other modifi- 
cations will be apparent to persons skilled in the art. 

10 Such modifications may involve other features which 
are already known in the field of video matrix display 
apparatus and which may be used instead of or in ad- 
dition to features already described herein. 

75 

Claims 

1. A matrix display apparatus for displaying applied 
video signals of two or more different standards 

20 which apparatus comprises a display panel (10) 
having an array of picture elements (12) arranged 
in a set number of rows and columns and driving 
means for driving the picture elements according to 
an applied video signal (25), the driving means 

25 comprising a column driver circuit (22) operable ac- 
cording to the line frequency of an applied video sig- 
nal for supplying data signals derived therefrom to 
the columns of picture elements, a row driver circuit 

(20) for scanning the rows of picture elements in 
30 turn, and a control circuit (21 ) which controls the tim- 
ing of the operation of the row driver circuit and 
which is responsive to an applied video signal (25) 
to control the row scanning rate of the row driver 
circuit (20) according to the standard of the applied 

35 video signal, characterised in that the control circuit 

(21 ) is arranged to generate for each applied video 
signal a timing signal which operates the row driver 
circuit at a row scanning rate that is substantially 
equal to the number of rows of picture elements in 

40 the display panel divided by the active field period 
of the applied video signal. 

2. A matrix display apparatus according to Claim 1, 
characterised in that the column driver circuit (22) 

45 comprises a plurality of stages comprising sample 
and hold circuits (31) for sampling lines of an ap- 
plied video signal, the output of each stage being 
connected to a respective column of picture ele- 
ments (12) of the panel, and in that the stages are 

so operable to sample lines of an applied video signal 
at a rate corresponding to the line frequency of an 
applied video signal. 

3. A matrix display apparatus according to Claim 2, 
55 characterised in that each stage of the column driv- 
er circuit (22) comprises at least two sample and 
hold circuits (SH1, SH2) whose outputs are alter- 
nately switched by switch means (36) operable by 
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the control circuit (21 ) at a rate corresponding to the 
line frequency of an applied video signal. 

4. A matrix display apparatus according to Claim 3, 
characterised in that the stages of the column driver 
circuit (22) include signal smoothing circuits (LPF) 
connected between the sample and hold circuits 
and the outputs of the stages. 

5. A matrix display apparatus according to Claim 4, 
characterised in that the signal smoothing circuit 
comprise low pass filter circuits. 

6. A matrix display apparatus according to Claim 4, 
characterised in that the signal smoothing circuits 
comprise linear interpolation circuits. 

7. A matrix display apparatus according to Claim 4, 5 
or 6, characterised in that each stage of the column 
driver circuit includes a further sample and hold cir- 
cuit connected between the signal smoothing circuit 
and the output of the stage which is arranged to be 
operated by the control circuit at the row scanning 
rate. 

8. A method of operating a matrix display for display- 
ing applied video signals of two or more different 
standards and comprising a display panel (10) hav- 
ing an array of picture elements (12) arranged in a 
set number of rows and columns and driving means 
for driving the picture elements according to an ap- 
plied video signal and comprising a column driver 
circuit (22) for supplying data signals derived from 
an applied video signal to the columns of picture el- 
ements and a row driver circuit (20) for scanning the 
rows of picture elements in turn at rates which differ 
according to the standard of the applied video sig- 
nal, characterised in that for each of the applied vid- 
eo signals the operation of the row driver circuit (20) 
is controlled (21 ) according to the applied video sig- 
nal so as to scan the rows of picture elements at a 
rate which is substantially equal to the number of 
rows of picture elements in the panel divided by the 
active field period of the applied video signal. 

9. A method according to Claim 8, characterised in 
that the column driver circuit (22) is operated to 
sample individual lines of an applied video signal at 
a rate corresponding to the line frequency of the ap- 
plied video signal and in that successive sampled 
signals for each column of picture elements are 
smoothed before being supplied to the columns of 
picture elements. 

Patentanspruche 

1. Matrixwiedergabeanordnung zum Wiedergeben 



von Videosignalen von zwei Oder mehreren ver- 
schiedenen Normen, wobei diese Anordnung eine 
Wiedergabeplatte (10) aufweist mit einer Anord- 
nung von Bildelementen (12), vorgesehen in einer 

s bestimmten Anzahl Reihen und Spalten und mit Be- 
treibungsmitteln zum Betreiben der Bildelemente 
entsprechend einem zugefuhrten Videosignal (25), 
wobei die Betreibungsmittel eine Spaltentreiber- 
schattung (22) aufweisen, die nach der Horizontal- 

10 Frequenz eines zugefuhrten Videosignals arbeitet 
zum Zufuhren davon abgeleiteter Datensignale zu 
den Spalten der Bildelemente, eine Reihentreiber- 
schaltung (20) zum Abtasten der Reihen von Bild- 
elementen, und eine Steuerschaltung (21), welche 

15 die Wirkungszeit der Reihentreiberschaltung steu- 
ert und auf ein zugefuhrtes Videosignal (25) rea- 
giert zur Steuerung der Reihenabtastrate der Rei- 
hentreiberschaltung (20) entsprechend der Norm 
des zugefuhrten Videosignals, dadurch gekenn- 

20 zeichnet, daB die Steuerschaltung (21 ) vorgesehen 
ist zum Erzeugen eines Zeitgabesignals fur jedes 
zugefuhrte Videosignal, wobei das Zeitsignal die 
Reihentreiberschaltung mit einer Reihenabtastrate 
betreibt, die im wesentlichen der Anzahl Reihen von 

25 Bildelementen in der Wiedergabeplatte geteilt 
durch die aktive Teilbildperiode des zugefuhrten Vi- 
deosignals entspricht. 

2. Matrixwiedergabeanordnung nach Anspruch 1 , da- 
30 durch gekennzeichnet, daB die Spaltentreiber- 
schaftung (22) eine Anzahl Stufen aufweist mit Abt- 
ast-und-Halteschaltungen (31) zum Abtasten von 
Zeilen eines zugefuhrten Videosignals, wobei der 
Ausgang jeder Stufe mit einer betreffenden Spalte 
35 von Bildelementen (12) der Platte verbunden ist, 
und daft die Stufen Zeilen eines zugef Ohrten Video- 
signals mit einer Rate entsprechend der Zeilenfre- 
quenz eines zugefuhrten Videosignals abtasten. 

40 3. Matrixwiedergabeanordnung nach Anspruch 2, da- 
durch gekennzeichnet, daB jede Stufe der Spalten- 
treiberschaltung (22) wenigstens zwei Abtast-und- 
Halteschaltungen (SH1. SH2) aufweist, deren Aus- 
gange wechselweise durch Schaltmittet (36) unter 

^5 dem EinfluB der Steuerschaltung (21 ) mit einer Ra- 
te entsprechend der Zeilenfrequenz eines zuge- 
fuhrten Videosignals geschaltet werden. 

4. Matreixwiedergabeanordnung nach Anspruch 3, 
50 dadurch gekennzeichnet, daB die Stufen der Spal- 

tentreiberschaltung (22) zwischen den Abtast-und- 
Halteschaltungen und den Ausgangen der Stufen 
vorgesehene Signalglattungsschaltungen (LPF) 
aufweisen. 

55 

5. Matrixwiedergabeanordnung nach Anspruch 4, da- 
durch gekennzeichnet, daB die Signalglattungs- 
schaltung TiefpaBfilterschaltungen aufweist. 
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6. Matrixwiedergabeanordnung nach Anspruch 4, da- 
durch gekennzeichnet, daB die Signalglattungs- 
schaltungen lineare Interpolationsschaltungen auf- 
weisen. 

7. Matrixwiedergabeanordnung nach Anspruch 4, 5 
oder 6, dadurch gekennzeichnet, daB jede Stufe 
der Spaftentreiberschaltung eine weitere Abtast- 
und-Halteschaltung aufweist, die zwischen der Si- 
gnalglattungsschaltung und dem Ausgang der Stu- 
fe vorgesehen ist, die von der Steuerschaltung mit 
der Reihenabtastrate betrieben wird. 

8. Verfahren zum Betreiben einer Matrixwiedergabe- 
anordnung zurn Wiedergeben zugefuhrter Videosi- 
gnale zweier oder mehrerer verschiedener Normen 
und mit einer Wiedergabeplatte (10) mit einer An- 
ordnung von Bitdelementen (12) vorgesehen in ei- 
ner Anzahl Reihen und Spalten und mit Treibermit- 
teln zum Betreiben der Bildelemente entsprechend 
einem zugefuhrten Videosignal und mit einer Spal- 
tentreiberschaltung (22) zum Zufuhren von Daten- 
signalen, hergeleitet von einem zugefuhrten Video- 
signal, zu den Spalten von Bildelementen und mit 
einer Reihentreiberschaltung (20) zum Abtasten 
der Reihen von Bildelementen nacheinander mit 
Raten, die entsprechend der Norm des zugefuhrten 
Videosignals abweichen, dadurch gekennzeichnet, 
daB f Or jedes der zugefuhrten Videosignale die Wir- 
kung der Reihentreiberschaltung (20) entspre- 
chend dem zugefuhrten Videosignal gesteuert (21 ) 
wird zum Abtasten der Reihen von Bildelementen 
mit einer Rate, die im Wesentlichen der Anzahl Bild- 
elemente in der Platte geteilt durch die aktive Teil- 
bildperiode des zugefuhrten Videosignals ent- 
spricht. 

9. Verfahren nach Anspruch 8, dadurch gekennzeich- 
net, daB die Spaltentreiberschaltung (22) die ein- 
zelnen Zeilen eines zugefuhrten Videosignals mit 
einer Rate entsprechend der Zeilenfrequenz des 
zugefuhrten Videosignals abtastet und daB aufein- 
anderfolgende abgetastete Signale fOr jede Spalte 
von Bildelementen geglattet werden, bevor zie den 
Spalten von Bildelementen zugefuhrt werden. 



Revendications 

1. Appareil d'affichage a matrice pour afficher des si- 
gnaux video appliques repondant a deux ou plus de 
deux normes differentes, lequel appareil comporte 
un ecran d'affichage (10) possedant un ensemble 
d'elements d'image (12) agences selon un nombre 
defini de rangees et de colonnes et des moyens de 
commande pour commander les elements d'image 
en fonction d'un signal video applique (25), les 
moyens de commande comportant un circuit de 



commande de colonnes (22) pouvant etre actionne 
suivant la frequence de lignes d'un signal video ap- 
plique pour fournir des signaux de donnees derives 
de celui-ci aux colonnes d'elements d'image, un cir- 

5 cuit de commande de rangees (20) pour balayer les 
rang6es d'elements d'image tour a tour, et un circuit 
de commande (21) qui commande la synchronisa- 
tion du fonctionnement du circuit de commande de 
rangees et qui agit en reaction a un signal video ap- 

10 plique (25) afin de commander la cadence de ba- 
layage de rangees du circuit de commande de ran- 
gees (20) suivant la norme du signal video applique, 
caracteris6 en ce que le circuit de commande (21) 
est agence pour produire pour chaque signal video 
applique un signal de synchronisation qui fait fonc- 
tionner le circuit de commande de rangees selon 
une cadence de balayage de rangee qui est prati- 
quement egale au nombre de rangees d'6l6ments 
d'image dans I'ecran d'affichage divise par la perio- 

20 de de frame active du signal video applique. 

2. Appareil d'affichage a matrice suivant la revendica- 
tion 1 , caracterise en ce que le circuit de commande 
de colonnes (22) comporte une pluralite d'etages 

25 comportant des circuits echantillonneurs-bloqueurs 
(31 ) pour echantillonner des lignes d'un signal video 
applique, la sortie de chaque etage etant connectee 
a une colonne respective d'elements d'image (12) 
de I'ecran, et en ce qu'on peut actionner les etages 

30 pour echantillonner des lignes d'un signal video ap- 
plique a une cadence correspondant a la frequence 
de ligne d'un signal video applique. 

3. Appareil d'affichage a matrice suivant la revendica- 
35 tion 2, caracterise en ce que chaque etage du circuit 

de commande de colonnes (22) comporte au moins 
deux circuits echantillonneurs-bloqueurs (SH1, 
SH2) dont les sorties sont commutees en alternan- 
ce par des moyens de commutation (36) pouvant 
40 6tre actionnes au moyen du circuit de commande 
(21 ) a une cadence correspondant a la frequence 
de lignes d'un signal video applique. 

4. Appareil d'affichage a matrice suivant la revendica- 
45 tion 3, caracterise en ce que les etages du circuit 

de commande de colonnes (22) comprennent des 
circuits de lissage de signaux (fittres passe-bas) 
connectes entre les circuits Echantillonneurs-blo- 
queurs et les sorties des etages. 

50 

5. Appareil d'affichage a matrice suivant la revendica- 
tion 4, caracterise en ce que le circuit de lissage de 
signaux comporte des circuits a filtre passe-bas. 

55 6. Appareil d'affichage a matrice suivant la revendica- 
tton 4, caracterise en ce que les circuits de lissage 
de signaux comprennent des circuits d'interpolation 
lineaire. 
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7. Appareil d'affichage a matrice suivant la revendica- 
tion 4, 5 ou 6, caracterise en ce que chaque etage 
du circuit de commande de colonnes comprend un 
circuit echantillonneur-bloqueur supplemental 
connecte entre le circuit de lissage de signaux et la s 
sortie de I'etage qui est agence afin de pouvoir etre 
actionne par le circuit de commande a la cadence 

de balayage de rangees. 

8. Procede d'exploitation d'un ecran a matrice pour at- '0 
ficher des signaux video appliques r6pondant a 
deux ou plus de deux normes differentes et com- 
portant un ecran d'affichage (10) possedant un en- 
semble d'elements d'image (12) agence selon un 
nombre determine de rangees et de colonnes et des 15 
moyens de commande pour commander les Ele- 
ments d'image suivant un signal vid6o applique et 
comportant un circuit de commande de colonnes 
(22) pour fournir des signaux de donnees derives a 
partir d'un signal vid6o appliqu6 aux colonnes d'6le- 20 
ments d'image et un circuit de commande de ran- 
gees (20) pour balayer les rangees d'elements 
d'image tour a tour a des cadences qui different sui- 
vant la norme du signal video applique, caracteris6 

en ce que pour chacun des signaux video appli- 25 
ques, le fonctionnement du circuit de commande de 
rangees (20) est commande (21 ) suivant le signal 
video applique de telle sorte que les rangees d'ele- 
ments d'image soient balayees a une cadence qui 
est pratiquement egale au nombre de rangees 30 
d'elements d'image dans I'ecran divise par la perio- 
de de trame active du signal video applique. 

9. Procede suivant la revendication 8, caracterise en 

ce que le circuit de commande de colonnes (22) est 35 
actionne afin d'echantillonner des lignes individuel- 
les d'un signal video applique a une cadence cor- 
respondent a la frequence de lignes du signal video 
appliqu6 et en ce que les signaux 6chantillonn6s 
successifs pour chaque colonne d'elements d'ima- 40 
ge sont lisses avant d'etre fournis aux colonnes 
d'elements d'image. 



10 



EP 0 565 167 B1 




11 



EP 0 565 167 B1 



^ZX3000< a 

I LINE M I M+1 M+2 M+3 M+4 



>ICZKZ^3<Z3CZ>< b 

I X=M-1 I M M+1 M+2 M+3 

I I 

I ROWN | N+1 N+2 N+3 N+4 



Tr1 



>^XZXZXZ>CXZX d 

I K K+1 K+2 K+3 K+4 K+5 



Tr2 



FIG.2 



34 

27— ^ 



SH1 



SH2 



a V— 36 




35 

a 



16 



27- 



34 



SH1 



34 

27—^ 



SH2 



LPF 

X 

ISH3I 

X 



35 



FIG.3 



16 



SH1 



CI V-36 CI \-^3 6 



3: 



SH2 



SH3 

IE 

INT 



ISH4I 



-35 

c 



16 



12 



EP 0 565 167 B1 




EP 0 565 167 B1 




